The greenhouse experiment was conducted at the greenhouse of the Institute for Agricultural Research in Samaru (11 o 11' N, 7 o 38'E) within the northern Guinea savanna ecological zone of Nigeria to study the effects of nitrogen and micronutrients on growth and yield of maize. The study was conducted to determine the effects of different nitrogen levels combined with four micronutrients on growth and yield of maize varieties in the Northern Guinea Savanna, to establish the impacts of nitrogen and micronutrients blends on yield of maize. The greenhouse treatments consisted of four rates of nitrogen fertilizer (0, 50, 100 and 150kgNha -1 ), two rates of micronutrients (0, cocktail mixtures) Cu, Fe, Zn, B and Mo and four maize varieties SAMMAZ 14 and SUSUMA (QPM) and SAMMAZ 11 and SAMMAZ 12 (normal maize) which gave a total of thirty-two (32) treatments with basal application of 60kgha -1 P as P2O5 and 60kgha -1 K as K2O. These were tested in a Completely Randomized Design in the greenhouse with three replications with a total of 96pots. The fertilizer treatments were factorially combined. The result revealed that micronutrients application enhanced the performance of the QPM than the normal maize. SUSUMA variety (QPM) was superior in performance than SAMMAZ 14 (QPM) in that it produced taller plants (65.50 cm), more number of leaves (12.75) and higher dry matter yield of 6.67g/pot at low application of nitrogen (50kgNha -1 ). Farmers can therefore adopt the QPM varieties (SUSUMA and SAMMAZ 14) since it is easy to cultivate like the normal maize in the same environment and climatic conditions with higher yield and of more quality than the normal maize.
INTRODUCTION
Maize is gaining popularity in the Northern Guinea Savanna zone of Nigeria. In fact, it is replacing the traditional cereals, millet and sorghum [1] . Whatever the type of maize, they all require heavy fertilizer application for optimum yield due to low soil nitrogen in this region [2, 3] . Farmers initially relied on shifting cultivation or bush fallow for soil fertility maintenance, but it has become increasingly difficult to sustain these systems because of increasing population pressure. As a result, organic matter in the soil is depleted with a corresponding decrease in yield. Long time application of 60, 90 and 120kgNha -1 showed significant increases in nitrogen, humus and soil Cation Exchange Capacity (CEC) while the sum of bases and base saturation decreased [4] . For mineral fertilizer, a rate of 100-150 kg N, 40-50 P 2 O 5 and 80-100 kg K 2 O ha -1 has been recommended for maize in the Savanna zone [5] . While, FPDD [6] recommended 120 kg N, 60 kg P 2 O 5 , and 60 kg K 2 O ha -1 of mineral fertilizer for optimum yield of maize in the Savanna zone.
Positive response of maize to nitrogen fertilizer has been reported by Atlakpui [7] . Hussaini [8] stated that chemical analysis is used to estimate the fertilizer needs of plants and give some relationships between *Address correspondence to this author at the Department of Soil Science, University of Abuja, Abuja; E-mail: oyerindehyphae@yahoo.com nutrient supply and the chemical composition of the plant. In an experiment at Samaru, increased application of nitrogen fertilizer tended to increase the Stover and ear leaf concentration of N, K, Ca and Mg in maize [9] . Daudu [10] reported that nitrogen uptake was observed to increase with increasing levels of inorganic fertilizer level (120kgNha -1 ). Despite so much knowledge on the role of N nutrition on maize, few studies have been conducted on the role of micronutrients in maize production in Northern Nigeria. Therefore this study evaluates impacts of nitrogen and micronutrient fertilization on growth and yield of maize in standard greenhouse study.
MATERIALS AND METHODS
This study was conducted at the Greenhouse of Institute for Agricultural Research (IAR) Farm, Ahmadu Bello University (ABU), Zaria, Nigeria. The soil sample used for the greenhouse experiment was collected from a fallow site of over 5 years, from the surface 0-20 cm within the Institute for Agricultural Research (IAR) Farm. The soil samples were air dried and sieved through a 2 mm sieve, composite sample was taken and kept in plastic bag for routine analysis. The greenhouse experiment consisted of four rates of nitrogen fertilizer (0, 50, 100 and 150kgNha were all applied at planting. The fertilizer N was split applied at 2 weeks after planting (2WAP) and at four weeks (4WAP). The pots were maintained at near field capacity through regular watering with de-ionised water. The parameters taken were stand count at germination and at harvest, plant height at two weeks interval, number of leaves per pot at two weeks interval and dry matter yield at harvest.
At the termination of the trial at 6 weeks, the above ground part of the plant (1cm from the soil surface) was harvested for dry matter estimation. The plant biomass yield was weighed while fresh, rinsed with distilled water, placed in envelopes and then dried in an oven at 65 o C for 48 hours to constant weight. The oven dried weight was taken and were ground with a stainless steel mortar and pestle, and then stored in small polythene bags for tissue analysis. Soil samples were also collected from each pot at harvest with auger and the samples were air dried and sieved through a 2 mm sieve and then stored for chemical analysis.
RESULTS

Characterization of the Soils Used for the Study
The soils used for the greenhouse trial was characterized for their physical and chemical properties as shown in Table 1 .
Soil Characteristics and Geology
Soils of the experimental sites have been classified as Typic Haplustalf an Alfisol in the USDA Soil Classification system and it is developed in deeply weathered pre-Cambrian, basement complex rock overlain by Aeolian drift materials of varying thickness [11, 12] . The soils were sandy loam in texture and low in clay contents 123gkg -1 . The organic carbon content of the soils was 5.40gkg -1 , which was low for the soil.
Some other workers have observed similar level of organic carbon in savanna soils, which implied low fertility status for the cultivated soil [11] . The total nitrogen content of the soil was 0.06%. The low level of total nitrogen in the soil could be attributed to low organic matter contents of these typical savanna soils [13] . The available P content of the soil was moderate with value of 8.90mgkg
-1 for the greenhouse soils. The exchangeable site was dominated by calcium and magnesium as characteristic of savanna soils. These cations are the most abundant in the exchange complex of savannah soils. The K saturation was 7.8% and the potassium fertility of the soil was 0.30cmolkg -1 . The sodium content was generally low 0.52cmolkg -1 as may be expected for good arable soil although Na contents were higher than K in the soil. The higher Na content in the cultivated soils relative to K must have been introduced in fertilizer materials or other amendments employed over time for crop production.
The effective CEC values for the greenhouse soils were 5.69 cmolkg -1 giving a Ca and Mg saturation of 56% and 54% respectively for both nutrients in the greenhouse soils. The micronutrient values were found to be low to moderate in the soils and have been recorded to be deficient in most savanna soils. These soils were therefore low in natural fertility and their productivity will decline quite rapidly under continuous cultivation, which by implication requires to be fertilized in order to sustain good crop yields [14] .
Main Effect of Nitrogen Fertilizer on the Agronomic Parameters
Maize Varieties
The main effect showed that the parameters increased as nitrogen rates increased from 0-150kgNha -1 except SUSUMA variety that was more superior with the tallest plants (65.50 cm) at 50kgNha -1 as shown in Table 2 . SUSUMA produced more leaves (12.75) than SAMMAZ 14(12.50) at nitrogen levels of (50kgha -1 N)
and (150kgha -1 N) respectively. However, SAMMAZ 14 variety Dry Matter Yield (DMY) increased with increasing rate of N while SUSUMA Quality Protein Maize (QPM) had DMY of (6.67g) at (50kgha -1 N). The agronomic parameters of SAMMAZ 12 and SAMMAZ 11 were not far from the QPM in that they produced more leaves and tallest plants at the highest level of nitrogen applied (150kgha -1 N) respectively ( Table 2) . DMY increased with increased nitrogen rates although the increase was not significantly different (p<0.05). Maximum DMY for SAMMAZ 12 (6.28g/pot) and SAMMAZ 11 (6.17g/pot) were obtained when the crop was fertilized at 150kgNha -1 .
Response of Agronomic Parameters to Micronutrient Levels
Micronutrients application enhanced the performance of the QPM in respect to the agronomic parameters because values were enhanced consistently with SUSUMA recording the tallest plant (60.35 cm) and 
Effects of Nitrogen and Micronutrients on the Agronomic Parameters of Maize
Combining nitrogen fertilizer and cocktail mixtures of micronutrients showed that the QPM (SAMMAZ 14 and SUSUMA) outperformed the normal maize in the utilization of micronutrients for the synthesis of various relevant products such as plant heights, number of leaf and in dry matter production. SAMMAZ 14 (QPM) was 60.25 cm tall and had number of leaves (12.35) with added micronutrients and N rates of 150kgha -1 while SUSUMA variety had the tallest plant (67.75 cm), highest number of leaves (12.67) with added micronutrients and fertilizer rate of 50kgNha -1 .The normal maize, SAMMAZ 12 and SAMMAZ 11 was 56.10cm, 55.65cm tall and produced 0.50 and 12.50 number of leaves respectively at 150kgNha -1 with no micronutrient applications ( Table 4 ).
Mean Response of Maize DMY to N Levels as Influenced by Micronutrients Application
The interaction between nitrogen fertilizer and micronutrient on dry matter yield of maize as seen on Table 5 showed that the general response was only up to 100kgNha -1 in soils supplied with adequate amounts of micronutrient.
DISCUSSION
Response to nitrogen increased as nitrogen rates increased from the Control to 150kgNha -1 SUSUMA (QPM) variety outperformed other varieties since it was taller, had more number of leaves and produced more biomass at low level of nitrogen applied (50kgha -1 ).
This implied that SUSUMA variety was more vigorous and efficient in the utilization of applied nitrogen and therefore would be more economical to manage profitably than SAMMAZ 14 (QPM). The agronomic parameters of SAMMAZ 12 and SAMMAZ 11 (normal varieties) were not far from the QPM in that they produced more number of leaves and tallest plants at the highest level of nitrogen applied (150kgha -1 N) respectively.
This result was supported by Ogunlela [15] who reported that plant height and dry matter yield increased as the rate of nitrogen increases. The authors observed that with increase in nitrogen application up to 100 or 150kgha -1 , there was increase in plant height and dry matter production. Onasanya [16] in their findings reported that application of nitrogen enhanced vegetative growth of maize as expressed by the increase observed in number of leaves, plant height, leave area index, total dry matter per plant and relative growth rate of maize.
Micronutrients application enhanced the performance of the QPM varieties in respect to the agronomic parameters because values were enhanced consistently with the application of micronutrients. This implies that QPM has the capacity to utilize high levels of micronutrients for the synthesis of the various relevant products and so may determine the differences in maize quality. However, this consistency was not seen in the normal maize, which means that their capacity to utilize high amount of micronutrients was low.
CONCLUSION
The importance of micronutrients as part of the precursors in protein formation evident in the findings of the greenhouse study revealed that micronutrients application enhanced the performance of the QPM than the normal maize and that SUSUMA variety (QPM) was superior in performance to SAMMAZ 14 (QPM) in that it produced taller plants, more number of leaves and higher dry matter yield at low application of nitrogen (50kgNha -1 ). The response to nitrogen that increased as nitrogen rates increased (from the Control to 150kgNha -1 ) portrays the SUSUMA variety as the best in terms of biomass accumulation. Consequently, the variety can be adopted for production of silage for animal nutrition and also the imminent increase in maize yield. 
